Background
==========

Alzheimer's disease (AD) is one of most common neurodegenerative diseases, but the pathogenesis has not been fully elucidated. Globally, it is estimated that approximately 24 million individuals, most of whom are elderly people, are suffering from this disease, but some individuals show early onset disease \[[@b1-medscimonit-26-e923547]\]. Patients usually present with memory loss and sometimes display other atypical changes, such as behavioral and psychological symptoms and even motor dysfunction \[[@b2-medscimonit-26-e923547]\]. In addition, AD can occur with other neurodegenerative diseases, such as Parkinson's disease, suggesting possible common etiologies and pathogenic mechanisms. Given the variance of the clinical manifestations of AD, its pathogenesis is suggested to be complex and multifactorial. The major pathological changes of this disease are aberrant Aβ protein accumulation and toxicity from hyperphosphorylated tau, leading to senile plaques and neurofibrillary tangles. However, the causes and changes in the downstream pathways of these pathological events remain unclear.

The sirtuin family is a 7-member protein family that mediates deacetylation \[[@b3-medscimonit-26-e923547]\]. Thus, these enzymes can post-translationally interact with a large group of proteins carrying lysine residues, including transcription factors \[[@b4-medscimonit-26-e923547]\], histones and enzymes \[[@b5-medscimonit-26-e923547]\]. Sirtuins are class III histone deacetylases (HDACs) because of a unique property -- the requirement for nicotinamide adenine dinucleotide (NAD+) as a cofactor -- which allows these proteins to sense and orchestrate the metabolic homeostasis of cells to fight against age-related diseases. Sirtuins participate in many aging-related cellular processes, such as the tricarboxylic acid cycle, elimination of reactive oxygen species (ROS), and mitophagy. These proteins show different localizations in cells. Sirtuin 3 (SIRT3) is mainly expressed in mitochondria, which have high levels of NAD+ and its substrates; thus, this enzyme can sense changes in cellular metabolic status and regulate various metabolic processes.

We selected SIRT3 because recent experimental evidence has shown that low SIRT3 protein expression is observed in the brain tissues of AD patients and correlates with the pathological and clinical severity of this disease. In brain samples from AD patients for autopsy and the 3xTG mouse model of AD (Psen1, APPSwe, and TauP301L mutations), SIRT3 protein expression was downregulated \[[@b6-medscimonit-26-e923547]\]. Moreover, the SIRT3 protein levels in the brain tissues of AD patients were negatively correlated with the levels of tau tangles and amyloid plaques and positively correlated with cognitive function scores, including the 60-item Boston Naming Test and the Mattis dementia rating scale \[[@b7-medscimonit-26-e923547],[@b8-medscimonit-26-e923547]\]. An*in vitro* study showed that inhibition of SIRT3 through short hairpin RNA interference in hippocampal HT22 cells led to the accumulation of tau protein \[[@b7-medscimonit-26-e923547]\], and SIRT3 overexpression rescued the Aβ protein-induced decrease in mitochondrial function in HT22 cells \[[@b9-medscimonit-26-e923547]\]. Supplementation with the SIRT3 cofactor NAD+ improved the cognitive function of a transgenic mouse model of AD \[[@b10-medscimonit-26-e923547]\]. Furthermore, SIRT3 was reported to play a role in the mechanism of many neuroprotective factors, such as ketones, sesamin, resveratrol, honokiol, and intermittent calorie restriction \[[@b10-medscimonit-26-e923547]--[@b14-medscimonit-26-e923547]\].

Theoretically, SIRT3 mRNA levels may not show the same trend as that of its translated product. SIRT3 mRNA levels were also reported to be downregulated in the brain tissue cortex of AD patients \[[@b15-medscimonit-26-e923547]\], but some researchers reported opposite findings \[[@b16-medscimonit-26-e923547]\]. To date, data mining of RNA microarray results from current databases to determine whether SIRT3 is downregulated in brain tissues has not been performed. Using public AD-related RNA microarray datasets, one can easily analyze changes in mRNAs of interest from a large sample to obtain more convincing results than those from a single experiment.

In this study, 8 datasets including RNA expression data from the brain tissues of AD patients were selected and analyzed using bioinformatic methods to determine whether the SIRT3 mRNA levels were downregulated in these samples. Moreover, we investigated whether this change was unique for AD or was found in other neurodegenerative diseases and discussed whether this change contributes to the diagnosis of AD.

Material and Methods
====================

Database selection
------------------

Eight datasets of mRNA expression data from microarray analyses of AD brain tissues were selected from the NCBI Gene Expression Omnibus (GEO) database (*<https://www.ncbi.nlm.nih.gov/gds>*) because they had a relatively large sample number. The GEO accession numbers were GSE33000 \[[@b17-medscimonit-26-e923547]\], GSE15222 \[[@b18-medscimonit-26-e923547]\], GSE48350 \[[@b19-medscimonit-26-e923547]\], GSE122063, GSE132903 \[[@b20-medscimonit-26-e923547]\], GSE44770 \[[@b21-medscimonit-26-e923547]\], GSE44771 \[[@b21-medscimonit-26-e923547]\], and GSE44768 \[[@b21-medscimonit-26-e923547]\]. The demographic features of these datasets are summarized. Among them, GSE33000 includes brains samples from Huntington's disease (HD) patients, and GSE122063 includes brain samples from VaD patients. In addition, 2 databases of blood samples from AD patients (GSE63061 \[[@b22-medscimonit-26-e923547]\] and GSE63060 \[[@b22-medscimonit-26-e923547]\]), 2 of brain tissue samples from PD patients (GSE7621 \[[@b23-medscimonit-26-e923547]\] and GSE20291 \[[@b24-medscimonit-26-e923547]\]) and 1 of blood samples from HD patients (GSE1751 \[[@b25-medscimonit-26-e923547]\]) were also selected to determine whether the change in SIRT3 mRNA is specific to AD or is found in many neurodegenerative diseases. All these open access datasets and related research were approved by the local ethics committee, and our further data mining of these datasets complied with the Declaration of Helsinki.

GEO2R analysis, receiver operating characteristic (ROC) curve analysis and multivariate logistic regression
-----------------------------------------------------------------------------------------------------------

GEO2R, which is an online tool offered by the GEO database website aiming to identify differentially expressed genes (DEGs) between selected groups, was used to analyze these datasets. The *P*-value adjustment method was the default Benjamini and Hochberg (false discovery rate) method, and the option of whether to apply log transformation to the data was autodetected. Sirtuin family (SIRT1--SIRT7)-related RNA expression changes between the AD and control groups of these 8 datasets were selected from the results. If the adjusted *P* value was less than 0.05, the RNA was considered differentially expressed between groups (upregulated or downregulated). Datasets of samples from other neurodegenerative diseases or blood samples from AD patients were also evaluated by GEO2R, and differentially expressed sirtuin-related RNA was selected as well. Then, multigroup comparisons in the datasets GSE33000 and GSE122063 were conducted. The receiver operating characteristic curve (ROC) curves between the SIRT3 mRNA level and diagnosis of AD from these 8 datasets were plotted. Subsequently, the area under the curve (AUC), the 95% confidence interval (CI) of the AUC and the threshold were calculated. The threshold is the point located in the ROC curve that has the maximum Youden index (sensivity+specificity--1). If the 95% CI of AUC was above 50%, the SIRT3 mRNA expression of that dataset was considered to have diagnostic value. Then, samples in these datasets were divided into the SIRT3 high expression group and the low expression group using the calculated threshold as a cutoff value. Next, multivariate logistic regression including 3 variables \[SIRT3 low versus high expression, gender (female versus male) and age\] for diagnosis of AD was carried out. The 95% CI of the odds ratio (OR) for each variable was calculated to evaluate whether SIRT3 mRNA expression is a protective or harmful factor for the final diagnosis of AD.

DEG selection and GO and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses
--------------------------------------------------------------------------------

DEGs were selected from the GEO2R analysis results according to the following criteria: 1) \|log~2~FC\| ≥0.5, 2) adjusted*P*-value \<0.05, 3) conformed to 1) and 2) in more than 1 dataset. Spearman's rank correlation coefficients between SIRT3 RNA expression and DEGs in the AD patient samples in every dataset were calculated, and the SIRT3-related DEGs were selected according to the following criteria: 1) \|Spearman rank correlation coefficient\| ≥0.5; 2) *P*\< 0.05; 3) conformed to 1) and 2) in more than 1 dataset. Finally, the online webtool DAVID (*<https://david-d.ncifcrf.gov/summary.jsp>*) was used to conduct GO and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses of the AD-related DEGs and the SIRT3-related DEGs. The default Benjamini method was used to adjust the *P* value, with an EASE threshold of 0.1 and a count threshold of 2.

Software and statistical methods
--------------------------------

RStudio 3.6.1, SPSS 25.0 and Excel 2010 were used for statistical analysis. GEO data were downloaded into local RStudio using the GEOquery package, and statistical processing was conducted using the dplyr package. The Kruskal-Wallis test and Wilcoxon rank sum test/Mann-Whitney test were performed using the stats package and ggpubr package. Spearman's rank correlation coefficients were calculated by the Hmisc package. Logistic regression was performed using SPSS 25.0. The pROC package was used to generate ROC curves and related figures. Other plots were generated using ggplot2, ggpubr, UpSetR, ggplotify, ggsignif, and the cowplot package in RStudio.

DEGs were identified by the GEO2R webtool, which can conduct *t*-tests between 2 groups. GO and KEGG analyses were performed using the DAVID webtool utilizing Fisher's exact test. Comparisons between multigroup quantitative data were conducted using the Kruskal-Wallis test, and the Bonferroni method with an adjusted Wilcoxon rank sum test/Mann-Whitney test was used for post hoc comparisons. According to the stats package in RStudio, an exact *P*-value of the Wilcoxon rank sum test/Mann-Whitney test was calculated when the samples included less than 50 finite values and no ties existed. Otherwise, a normal approximation of the Mann-Whitney test was applied. The enter method of all variables of interest was used in logistic regression, and the Wald test was used to examine every variable in the regression analysis.

Results
=======

SIRT3 mRNA was downregulated in the brain tissues of AD patients
----------------------------------------------------------------

The demographic features of the 8 datasets in which the AD patients were all pathologically diagnosed with AD and the samples were all from brain tissues are summarized in [Table 1](#t1-medscimonit-26-e923547){ref-type="table"}. According to the GEO2R analysis results, SIRT3 was downregulated in 7 of them, and the upregulation or downregulation of sirtuin mRNA is summarized in [Table 2](#t2-medscimonit-26-e923547){ref-type="table"}. In addition to SIRT3, SIRT5 was downregulated in the majority of the datasets. In contrast, SIRT1, SIRT2, and SIRT7 were upregulated in the majority of the datasets. However, the fold changes of these sirtuin-related RNA expression levels between the case and control groups were relatively small, while the \|log~2~FC\| of only 4 of all 82 sirtuin-related RNA samples in these datasets was larger than 0.5 ([Figure 1](#f1-medscimonit-26-e923547){ref-type="fig"}).

SIRT3 mRNA downregulation was a unique trend in the brain tissues of AD patients
--------------------------------------------------------------------------------

When conducting GEO2R analysis in GSE63060, GSE63061 (AD blood samples), GSE20291 and GSE7621 (PD brain tissues), as well as GSE1751 (HD blood samples), we found that the SIRT2, SIRT6,and SIRT7 transcriptional levels were upregulated in the blood samples from AD patients, while SIRT1 and SIRT5 were differentially expressed in the blood samples from the HD patients. In PD brain tissues, no significant changes in sirtuin-related RNA were detected. However, this result in the PD group might be biased due to the small sample number of each group. The GEO2R results of other neurodegenerative diseases and AD blood samples are shown in [Table 3](#t3-medscimonit-26-e923547){ref-type="table"}.

In dataset GSE33000, there were 2 probes related to SIRT5, named SIRT5.1 (probe ID 10023826451, GenBank accession number NM_012241) and SIRT5.2 (probe ID 10025904845, GenBank accession number NM_031244). The multigroup Kruskal-Wallis test showed that the RNA levels of the sirtuins, except for SIRT6, were significantly different among the 3 groups, and the SIRT1-SIRT4 as well as the SIRT5.2 RNA levels were significantly different between the HD and AD groups, and the *P*-values (Bonferroni method and adjusted Wilcoxon rank sum test/Mann-Whitney test) were 3.90E-06, 1.50E-05, 5.60E-07, 1.00E-04, and 0.029. The multigroup comparison results are shown in [Figure 2](#f2-medscimonit-26-e923547){ref-type="fig"}.

In dataset GSE122063, there were 2 probes related to SIRT2: SIRT2.1 (probe ID 2946, GenBank accession number NM_001193286) and SIRT2.2 (probe ID 41723, GenBank accession number NM_012237). There were 2 probes related to SIRT3: SIRT3.1 (probe ID 27463, GenBank accession number AK074992) and SIRT3.2 (probe ID 50835, GenBank accession number NM_012239). There were 4 probes related to SIRT5: SIRT5.1 (probe ID 27999, GenBank accession number NM_031244), SIRT5.2 (probe ID 40657, GenBank accession number NM_012241), SIRT5.3 (probe ID 44391, GenBank accession number NM_012241), and SIRT5.4 (probe ID 56262, GenBank accession number NM_031244). There were 2 probes related to SIRT7: SIRT7.1 (probe ID 23571, GenBank accession number NM_016538) and SIRT7.2 (probe ID 27708, GenBank accession number NM_016538). The multigroup Kruskal-Wallis test showed that the RNA levels of the sirtuins, except for SIRT4, were significantly different among the VaD, AD, and control groups. Further post hoc comparison between the AD and VaD groups showed that SIRT1, SIRT3.2, and SIRT5.3 were significantly differentially expressed, with adjusted *P*-values of 0.042, 0.0068, and 0.019, respectively. The multigroup comparison results are shown in [Figure 3](#f3-medscimonit-26-e923547){ref-type="fig"}.

Combining these findings, we found that the SIRT3 mRNA (NM_012239) expression levels in the AD group were significantly different from those of the healthy control group and the other neurodegenerative disease groups in the brain tissues (PD, HD, and VaD). Moreover, SIRT3 mRNA downregulation was not detected in the blood samples from the AD and HD groups in our analysis.

SIRT3 mRNA downregulation was related to the diagnosis and promoted the progression of AD
-----------------------------------------------------------------------------------------

To evaluate the diagnostic value of SIRT3 mRNA expression in AD, we generated ROC curves for 8 AD brain tissue datasets. In 7 of the datasets, the 95% CI of the AUC was greater than 50%, which suggested that SIRT3 mRNA expression has diagnostic value in AD. For these 7 datasets, further logistic regression for diagnosis including 3 variables showed that all 95% CIs of the OR for SIRT3 mRNA expression were less than 1, indicating that high SIRT3 expression is a protective factor against AD. The ROC curve and the ORs for logistic regression are shown in [Figure 4](#f4-medscimonit-26-e923547){ref-type="fig"}.

GO and KEGG analyses of the AD-related DEGs and the SIRT3 downregulation-related DEGs
-------------------------------------------------------------------------------------

Finally, 1610 AD-related DEGs were selected and are shown in [Figure 5A](#f5-medscimonit-26-e923547){ref-type="fig"}, and 507 SIRT3-related DEGs were selected and are shown in [Figure 5B](#f5-medscimonit-26-e923547){ref-type="fig"}. GO and KEGG analyses of these DEGs showed that several biological processes, cellular components, molecular functions and pathways were enriched in the brain tissues of AD patients ([Figures 6](#f6-medscimonit-26-e923547){ref-type="fig"}, [7](#f7-medscimonit-26-e923547){ref-type="fig"}), and several were correlated with SIRT3 downregulation.

Discussion
==========

AD is the most common cause of dementia, which results in a heavy burden on both individuals and societies, leading to substantial public health expenses. In the USA, more than 4.7 million individuals greater than 65 years of age suffered from AD in 2010, and the total number of AD patients will reach 13.8 million in 2050 \[[@b26-medscimonit-26-e923547]\]. Furthermore, the number of deaths among elderly AD patients is estimated to reach 1.6 million \[[@b27-medscimonit-26-e923547]\] in 2050, comprising 43% of the deaths among the elderly population. Elucidation of the associated changes in the molecular pathways in AD will help reveal the pathogenesis and identify potential targets to develop effective drugs for treatment of AD.

Sirtuins, including SIRT1--SIRT7, are an enzyme family characterized by their deacetylation activity. They are NAD+-dependent enzymes; widespread in the cytoplasm, nucleus, and mitochondria; and participate in many biological processes, especially energy production and biogenesis \[[@b3-medscimonit-26-e923547],[@b28-medscimonit-26-e923547]\]. These enzymes can affect cell signal transduction through deacetylation of not only histones but also many extranuclear proteins. Some evidence has shown that sirtuins play an important role in neurodegenerative disease. A case-control study of 2 Caucasian cohorts found that the single nucleotide polymorphism (SNP) SIRT2 rs10410544 (T allele) was linked to the diagnosis of AD (95% CI for the OR, 1.02--1.43, *P*\<0.03) \[[@b29-medscimonit-26-e923547]\]. In Wistar rat brain tissues, sirtuin- and sirtuin-related RNA levels changed during the aging process in a location-specific manner \[[@b30-medscimonit-26-e923547]\]. In the brain tissues of AD patients, SIRT1, SIRT3 and SIRT5 protein levels were shown to be altered by immunochemistry \[[@b31-medscimonit-26-e923547]\]. Among the sirtuins, SIRT3 mainly exists in the mitochondrial matrix and has a strong relationship with energy homeostasis, longevity, and neurodegenerative disease.

Previous findings suggested that SIRT3 may play an important role in AD, and AD and SIRT3 interactions have been identified during the disease process. On the one hand, SIRT3 protein upregulation seems to be a protective factor in AD, and SIRT3 protein or mRNA upregulation was observed when many kinds of neuroprotective drugs were administered to animal and cell models of AD \[[@b12-medscimonit-26-e923547]--[@b14-medscimonit-26-e923547],[@b32-medscimonit-26-e923547]\]. SIRT3 protein downregulation was found in the brain tissues of AD patients \[[@b7-medscimonit-26-e923547],[@b9-medscimonit-26-e923547]\]. On the other hand, some evidence has shown that AD may affect the expression of SIRT3. The oxidative stress associated with AD can activate poly (ADP-ribose) polymerase 1 (PARP-1), which can decrease NAD+ and promote ROS generation, leading to upregulation of SIRT3 expression \[[@b3-medscimonit-26-e923547]\]. Aβ can inhibit the activity of SIRT3 \[[@b9-medscimonit-26-e923547]\]. The detailed interaction between AD and SIRT3 has not been fully elucidated.

The detailed protective mechanism of SIRT3 in AD is still unclear, but to date, some experimental evidence has been published. First, Aβ can disrupt the metabolism and function of the mitochondria, leading to an insufficient energy supply \[[@b9-medscimonit-26-e923547]\] and brain aging. However, SIRT3 can post-translationally deacetylate many key enzymes in the Krebs cycle and fat metabolism, including complex I subunit NDUFA9 \[[@b33-medscimonit-26-e923547]\], lactate dehydrogenase A (LDHA) \[[@b34-medscimonit-26-e923547]\] and MnSOD \[[@b35-medscimonit-26-e923547]\], to improve mitochondrial metabolism and the ATP supply and ameliorate hypometabolism in the brain tissues of AD individuals. Second, honokiol, a SIRT3 activator, can reduce the Aβ level, which may be related to the activation of SIRT3-PGC-1a, and then downregulate the activity of β-site-APP cleaving enzyme (BACE) \[[@b32-medscimonit-26-e923547]\]. Third, due to the sufficient ATP supply and deacetylation of key proteins such as PGC-1a and MnSOD, the oxidative stress level is controlled. Fourth, p53 can downregulate the transcription of ND2 and ND4 in mitochondrial DNA, increase the production of ROS and damage brain tissue. Utilizing the GST technique, researchers found that SIRT3 can directly interact with p53, deacetylate it at the K320 site, and then downregulate ROS production \[[@b15-medscimonit-26-e923547]\]. Fifth, SIRT3 can enhance the activity of OGG1, which can repair DNA damaged by ROS \[[@b36-medscimonit-26-e923547]\]. Sixth, SIRT3 can interact with FOXO3a, a transcription factor related to longevity, and then affect mitochondrial homeostasis \[[@b37-medscimonit-26-e923547]\].

Because of the unstable and changeable character of mRNA, its detection through quantitative real-time PCR has a relatively large experimental error. Due to regulatory mechanisms such as microRNAs, lncRNAs and circRNAs, SIRT3 transcription may be upregulated, downregulated or unchanged in AD and is not necessarily consistent with the SIRT3 protein levels. Contradictory findings about the mRNA changes in AD patients and animal brain tissues have been reported \[[@b15-medscimonit-26-e923547],[@b16-medscimonit-26-e923547],[@b38-medscimonit-26-e923547]\]. In transgenic PDAPP mice, the SIRT3 mRNA levels were spatially upregulated and correlated with Aβ protein accumulation, and the same result was found in autopsies of human AD brains \[[@b16-medscimonit-26-e923547]\]. However, another report showed that SIRT3 mRNA is downregulated in cortex samples from AD individuals \[[@b15-medscimonit-26-e923547]\]. A meta-analysis using data mining methods in large samples will likely identify actual changes in SIRT3 mRNA in AD. In our research, we used a public microarray database to validate the SIRT3 mRNA expression and found that the SIRT3 mRNA level was downregulated in the brain tissues of AD patients, which was consistent with the change in SIRT3 protein.

Further analysis showed that SIRT3 mRNA downregulation was significantly different in AD compared to HD and VaD, indicating that SIRT3 mRNA downregulation may play a unique role in AD. We did not detect any sirtuin RNA changes in PD brain tissue using GEO2R, perhaps because of the small sample size of the selected datasets. Some evidence has shown that PD can affect sirtuins. Compared with Aβ, which can damage the function of SIRT3, extracellular alpha-synuclein (eASN), which is an important component of the Lewy bodies in PD, can activate the transcription of SIRT1 and SIRT3 \[[@b39-medscimonit-26-e923547]\].

ROC curve results and ORs generated from logistic regression analyses further indicated that SIRT3 mRNA downregulation contributes to the final diagnosis of AD because the 95% CI of the AUC was greater than 50% in 7 of 8 analyzed datasets. Multifactor regression demonstrated that SIRT3 mRNA upregulation is a protective factor against AD. However, it is impossible to diagnose AD through brain biopsy, and a single RNA measurement is not sufficient to diagnose such a complicated disease. Furthermore, we investigated the possible changes in SIRT3 mRNA levels in the blood samples from AD and HD patients. We did not detect any changes possibly because mRNA is unstable and can be degraded by RNases in peripheral blood serum. The ROC analysis indicated the importance of SIRT3 mRNA changes in the pathogenesis of AD, which should be investigated in detail in the future. Our multifactor regression analysis suggests that SIRT3 upregulation may be an effective way to inhibit the progression of AD, and further KEGG and GO analyses identified promising pathways and genes to investigate in the future, such as cell-cell signaling, transmission of nerve impulse and synaptic transmission (the first 3 had the most significant adjusted P values). According to our analysis, neuroactive ligand-receptor interactions, the MAPK signaling pathway, long-term potentiation, the calcium signaling pathway and axon guidance are involved in SIRT3 mRNA downregulation in AD.

A change in a single mRNA cannot explain the disease pathogenesis of AD, which is a limitation of our research. Further SIRT3 mRNA-microRNA-circRNA regulatory networks and SIRT3 gene methylation should be assessed in the future. A profile of blood microRNAs and circRNAs, which are more stable in blood samples, can be identified by machinery learning, such as the kNN technique, to promote early diagnosis of AD.

Conclusions
===========

SIRT3 mRNA levels are downregulated in the brain tissues of AD patients, which is unique in AD compared to other neurodegenerative diseases, such as PD, HD, and VaD. SIRT3 mRNA downregulation in brain tissues can help diagnose AD with good sensitivity and specificity, and SIRT3 mRNA upregulation is a protective factor against AD. However, SIRT3 mRNA levels do not change in the blood samples of AD patients. Many biological processes, such as cell-cell signaling, transmission of nerve impulse and synaptic transmission, are related to SIRT3 mRNA downregulation.
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![Volcano plot of sirtuin-related RNA changes in 8 datasets between the Alzheimer's disease and control groups.](medscimonit-26-e923547-g001){#f1-medscimonit-26-e923547}

![Boxplot of multigroup comparisons of sirtuin-related RNA levels among the Huntington's disease, Alzheimer's disease (AD) and control groups in dataset GSE33000. At the top of the figure, sirtuin gene symbols indicate subgroup information; below, Kruskal-Wallis *P-*values among the Huntington's disease, AD, and control groups are shown. At the bottom of the figure, boxes representing the sirtuin-related RNA expression values from the microarray are shown, and the post hoc subgroup comparison results are shown between the RNA expression boxes and Kruskal-Wallis *P*-values. \*\*\*\* *P*\<0.0001, \*\*\* *P*\<0.001, \*\* *P*\<0.01, \* *P*\<0.05 and ns *P*≥0.05. ND indicates "no dementia" as the control group.](medscimonit-26-e923547-g002){#f2-medscimonit-26-e923547}

![Boxplot of multigroup comparisons of the sirtuin-related RNA expression levels among the VaD, Alzheimer's disease (AD) and control groups in dataset GSE122063. At the top of the figure, sirtuin gene symbols indicate subgroup information; below, Kruskal-Wallis P values among the VaD, AD, and control groups are shown. At the bottom of the figure, boxes representing the sirtuin-related RNA expression values from the microarray are shown, and the post hoc subgroup comparison results are shown between the RNA expression boxes and Kruskal-Wallis *P*-values. Represents *P*\<0.0001, represents *P*\<0.001, \*\* *P*\<0.01, \*\* *P*\<0.05, and ns *P*≥0.05. ND indicates "no dementia" as the control group.](medscimonit-26-e923547-g003){#f3-medscimonit-26-e923547}

![(**A--L**) ROC curve of the SIRT3 RNA levels for diagnosis of Alzheimer's disease in 8 datasets. The gene symbol and GenBank accession ID on top of each ROC curve provide the subgroup information. The AUC, 95% CI of the AUC, OR, 95% CI of the OR and Wald test*P* value of SIRT3 RNA expression are shown under the curve. If the 95% CI of the AUC included 50%, further logistic regression would not proceed. ROC -- receiver operating characteristic curve; AUC -- area under the curve; CI -- confidence interval; OR -- odds ratio.](medscimonit-26-e923547-g004){#f4-medscimonit-26-e923547}

![Histogram of the differentially expressed genes (DEGs) and the SIRT3-related DEGs in 8 datasets. (**A**) Histogram of the Alzheimer's disease (AD)-related DEGs in 8 datasets. The bars parallel to the X axis represent gene counts in each dataset, and the bars parallel to the Y axis represent the intersection gene counts of selected datasets. The dots below the X axis indicate which datasets make up the intersection. (**B**) Histogram of the SIRT3-related DEGs in 6 datasets, as there was no SIRT3-related DEG in GSE44768 and SIRT3 did not have a significant difference between the AD and control groups in GSE132903.](medscimonit-26-e923547-g005){#f5-medscimonit-26-e923547}

![Bubble plot for the enriched Kyoto Encyclopedia of Genes and Genomes pathways of the Alzheimer's disease (AD)-related differentially expressed genes (DEGs) and the SIRT3-related DEGs. (**A**) The enriched pathways of the SIRT3-related DEGs. (**B**) The enriched pathways of the AD-related DEGs. The size of the bubble represents the gene number enriched in that pathway, and the color of the bubble represents the adjusted *P*-value of the pathway. The X axis represents the fold change of the pathway.](medscimonit-26-e923547-g006){#f6-medscimonit-26-e923547}

![Box plot for enriched Gene Ontology biological process, cellular component, and molecular function categories of the Alzheimer's disease (AD)-related differentially expressed genes (DEGs) and the SIRT3-related DEGs. (**A, B**) Top 15 enriched biological processes of the SIRT3-related DEGs and the AD-related DEGs, respectively, ranked by adjusted *P*-value. (**C, D**) Top 15 enriched cellular components of the SIRT3- and AD-related DEGs, respectively. (**E, F**) Top 15 enriched molecular functions of the SIRT3- and AD-related DEGs, respectively. The color of the box represents the adjusted *P*-value of the entities, and the X axis represents the gene number involved in the entity.](medscimonit-26-e923547-g007){#f7-medscimonit-26-e923547}

###### 

Demographic features of 8 RNA expression datasets from microarray analyses of Alzheimer's disease brain tissues included in the study.

  GEO ID      Tissue                           Case group   Control group   Country   Platform                                             
  ----------- -------------------------------- ------------ --------------- --------- ---------- ---- ----- ------- ---- ----- ----- ----- ----------
  GSE15222    Mixed cortex                     176          50.00           83.65     102.3      68   187   45.45   82   100   65    USA   GPL2700
  GSE33000    Prefrontal cortex                310          56.45           82        100        53   157   21.66   62   22    106   USA   GPL4372
  GSE132903   Middle temporal gyrus            97           49.48           86        98         70   98    48.98   85   102   70    USA   GPL10558
  GSE48350    Mixed cortex                     80           58.75           86        95         60   173   47.40   69   99    20    USA   GPL570
  GSE44771    Visual cortex                    129          51.94           82        100        55   101   18.81   61   106   22    USA   GPL4372
  GSE44770    Dorsolateral prefrontal cortex   129          51.94           82        100        55   101   18.81   61   106   22    USA   GPL4372
  GSE44768    Cerebellum                       129          51.94           82        100        55   101   18.81   61   106   22    USA   GPL4372
  GSE122063   Frontal and temporal cortex      56           78.57           81.5      91         63   44    54.55   81   91    60    USA   GPL16699

###### 

Summary of the GEO2R analysis of the sirtuin mRNA levels between the Alzheimer's disease and control groups in 8 datasets.

  Gene symbol   Number of downregulated datasets   Number of upregulated datasets   Total number of datasets   Adjusted P value   P value    t        B       Log~2~FC    Datasets with most significant adjusted P value (GEO ID)
  ------------- ---------------------------------- -------------------------------- -------------------------- ------------------ ---------- -------- ------- ----------- ----------------------------------------------------------
  SIRT1         0                                  8                                8                          2.29E-25           3.43E-26   11.26    48.51   8.83E-02    GSE33000
  SIRT2         1                                  6                                8                          3.85E-06           4.19E-07   5.24     5.94    2.74E-01    GSE132903
  SIRT3         7                                  0                                8                          8.49E-30           9.62E-31   −12.40   58.90   −8.21E-02   GSE33000
  SIRT4         0                                  3                                7                          6.53E-17           1.53E-18   9.59     31.44   1.37E-01    GSE44768
  SIRT5         7                                  0                                8                          2.26E-43           8.33E-45   −15.67   91.06   −1.42E-01   GSE33000
  SIRT6         2                                  2                                8                          1.39E-05           1.98E-06   4.83     4.38    2.07E-01    GSE15222
  SIRT7         0                                  6                                8                          3.95E-24           6.38E-25   10.93    45.62   9.93E-02    GSE33000

###### 

GEO2R analysis of microarray datasets of samples from other neurodegenerative diseases and blood samples from Alzheimer's disease patients.

  GEO ID     Disease   Tissue             Case number   Control number   Adjusted P value   P value    t       B       Log~2~FC    Gene symbol
  ---------- --------- ------------------ ------------- ---------------- ------------------ ---------- ------- ------- ----------- -------------
  GSE63060   AD        Blood              145           104              5.29E-04           2.00E-05   4.35    2.12    9.20E-02    SIRT7
  GSE63060   AD        Blood              145           104              6.75E-03           4.17E-04   3.58    −0.74   3.24E-02    SIRT6
  GSE63061   AD        Blood              139           134              3.91E-03           1.27E-04   3.89    0.09    6.33E-02    SIRT2
  GSE63061   AD        Blood              139           134              4.83E-02           4.27E-03   2.88    −3.17   4.44E-02    SIRT7
  GSE20291   PD        Putamen            15            20               ns                                                        
  GSE1751    HD        Blood              12            14               1.53E-05           1.67E-07   6.93    7.36    1.08E+00    SIRT1
  GSE1751    HD        Blood              12            14               3.12E-02           3.97E-03   −3.14   −2.38   -6.61E-01   SIRT5
  GSE7621    PD        Substantia nigra   16            9                ns                                                        

Sirtuin-related RNA with an adjusted *P*-value less than 0.05 was considered significant, and ns indicates no significant results.
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